Ethanolamine kinase, CTP:ethanolaminephosphate cytidylyltransferase (ECT), and ethanolaminephosphotransferase, which sequentially catalyze the primary pathway for phosphatidylethanolamine synthesis, were measured in castor bean (Ricinus communis L. var Hale) endosperm for 6 d after the onset of imbibition. Ethanolamine kinase (EC 2.7.1 3 2 ) activity was cytosolic, increasing slowly during the first 5 d and then declining. Total ECT (EC 2.7.7.14) activity increased until the 4th d, but the endoplasmic reticulum fraction of the activity peaked at d 3, and the mitochondrial activity peaked at d 4. Diacylglycero1:CDPethanolamine ethanolaminephosphotransferase (EC 2.7.8.1) increased during the first 2 d after imbibition began, after which it declined. The lowest activity of ethanolamine kinase during postgermination was more than 5-fold higher than the maximum activity of ECT, and the total activity of diacylglycero1:CDPethanolamine ethanolaminephosphotransferase at d 2 was at least triple that of ECT of the endoplasmic reticulum. We have partially purified ECT from mitochondrial fractions of postgermination castor bean endosperm starting with mitochondria purified by sucrose (SUC) density gradient centrifugation and broken by osmotic shock and homogenization. The membranebound ECT was solubilized with 1.5% 3-[(3-cholamidopropyI) dimethylammonio]-2-hydroxy-l -propanesulfonate and purified approximately 1 18-fold by polyethylene glycol precipitation, chromatography on Sephacryl S-200, and then SUC gradient centrifugation. The continuous presence of both salt (0.5 M NaCI) and
membrane-stabilizing phospholipid Moore, 1993a, 1993b) . Thus, PE plays important roles in membrane synthesis and function, and thereby in plant growth, development, and maintenance. The three pathways by which PE is synthesized in eukaryotes are phosphatidylserine decarboxylation (Hubscher et al., 1959) , exchange of free ethanolamine for the head groups of other phospholipids (Bjerve, 1973) , and a multiple-step "nucleotide pathway" (Kennedy and Weiss, 1956) . The latter pathway is considered to be the primary means of PE biosynthesis in both plants and animals (Moore, 1982 (Moore, , 1990 Tijburg et al., 1989; Arthur and Page, 1991; Wang and Moore, 1991) .
The nucleotide pathway is catalyzed by the enzyme sequence of EK (EC 2.7.1.82), ECT (EC 2.7.7.14), and EPT (EC 2.7.8.1). A comparison of a11 three of these enzymes in a single plant species has not, to our knowledge, been undertaken. EK has been characterized and purified from spinach leaves (Macher and Mudd, 1976) and soybean seeds (Williams and Harwood, 1994) , and EPT has also been characterized from several plants (Harwood, 1989) . One report mentioned the occurrence of ECT in carrot roots (Kennedy and Weiss, 1956 ), but two attempts to measure the activity in spinach leaf extracts were unsuccessful (Marshall and Kates, 1974; Macher and Mudd, 1976) .
The only plant tissue in which ECT has been characterized is castor bean (Ricinus communis L.) endosperm, in Plant Physiol. Vol. 11 5, 1997 which approximately 80% of the activity was compartmentalized in the outer mitochondrial membrane and the remainder was found in the ER (Wang and Moore, 1991) . ECT has been regarded as the rate-limiting enzyme for PE synthesis by the nucleotide pathway in mammalian cells (Tijburg et al., 1989; Vermeulen et al., 1993) . It is soluble in both mammals (Sundler, 1975; Tijburg et al., 1992; Vermeulen et al., 1993) and yeast (Carman and Henry, 1989) . The intracellular distribution reported for castor bean suggests a more complex situation and also contrasts with the distribution of the cytidylyltransferase for CDPcholine synthesis in castor bean, which is found almost entirely in the ER (Kinney et al., 1987) ; no activity for CCT has been reported as mitochondrial. The castor bean mitochondrial ECT is far more active than the ECT of ER in postgermination endosperm, and certainly more than adequate for supplying substrate to the limited ethanolamine phosphotransferase of that organelle (Wang and Moore, 1991) .
These facts indicate a function for the mitochondrial enzyme different from that of the ER, but that role remains undefined. Additional studies aimed at understanding the development of the two enzymes, as well as the regulatory properties of the ER and mitochondrial ECTs, would contribute to our understanding of these spatially separated activities. We report here the independent development of the ECT of the two organelles and progress toward solubilization and partia1 purification of the mitochondrial enzyme.
MATERIALS AND METHODS

Chemicals
[2-14C]Ethan-1-ol-2-amine hydrochloride was purchased from Amersham. Cytidine diphosphoethanolamine [ethan01amine-l,2-~~C] and CytoScint were from ICN.
We prepared [14C]phosphoethanolamine from [2-14C] ethan-1-01-2-amine hydrochloride using EK prepared from castor bean (Ricinus communis L. var Hale) endosperm (Wharfe and Harwood, 1979; Wang and Moore, 1991) . The reaction was performed as described below. Phosphoethanolamine was identified and purified by ascending chromatography of the ethanolamine kinase reaction products on filter paper (Whatman 3MM) in a saturated chamber with the solvent ethanol:isopropanol:NH40H (65:20:35, v/ v). The product [ 14C]phosphoethanolamine remained at the origin, whereas other components chromatographed at higher R, values. The origin was cut into small pieces, eluted with 70% ethanol, and evaporated with a rotary evaporator under a vacuum at 60 to 65°C. The purity of the [14C]phosphoethanolamine was greater than 98%.
A11 other chemicals were of reagent grade or better from a variety of sources.
Plant Material
Castor bean seed coats were removed and the seeds sterilized in 10% bleach solution for 2 min. They were then germinated in moist vermiculite in the dark at 30°C.
Membrane lsolation
Mitochondria were prepared from 4-d-old germinated castor bean endosperm and purified by the procedure previously described (Wang and Moore, 1991) . Endosperm halves were collected and chopped with a single-edge razor blade in 2 volumes of homogenization buffer containing 0.5 M SUC, 10 mM KC1,l mM EDTA, 10 mM DTT, and 0.15 M Tricine-HC1, pH 7.5. The homogenate was filtered through four layers of cheesecloth followed by centrifugation of the filtrate on SUC density gradients. The SUC gradient was composed of 2 mL of a 2.25 M SUC cushion, 20 mL of a 1 to 2.25 M linear SUC gradient, and 10 mL of 0.6 M SUC. The latter step was added after storage of the gradient portion overnight at 4°C. A11 SUC solutions were in 3 mM EDTA at pH 7.5. Five-milliliter fractions of homogenate were layered over the 0.6 M step and the gradients were centrifuged at 53,2008 for 3 h in a rotor (model AH-629, Sorvall). The mitochondrial fractions were collected and diluted 1:l (v/v) with homogenizing buffer without SUC. This diluted suspension was centrifuged in a JA-20 fixedangIe rotor (modet JA-20, Beckman) with a centrifuge (model J2-21, Beckman) at 48,400g for 45 min at 2°C. The precipitated mitochondria were stored at -20°C.
Enzyme Preparation and Assays for Developmental Studies
EK
Endosperm halves were collected from germinated castor bean and homogenized in an equal volume of 25 mM Tris-HCl, pH 7.5,50 mM KC1,5 mM DTT, and 1 mM EDTA. The homogenate was squeezed through four layers of cheesecloth and centrifuged at 600g for 5 min to remove cell debris. The resultant supernatant was centrifuged at 100,OOOg for 1 h and this final supernatant was passed through a Sephadex G-25 column. The protein eluate was used directly for EK assays. Aliquots of the 100,OOOg supernatant and the pellet resuspended in homogenization buffer were used for total and insoluble EK estimations.
The reaction mixture contained 100 mM Tris-HC1, pH 8.5,5 mM ATP, 10 mM MgCl,, and 563 p~ [2-14C]ethanolamine in a total volume of 50 pL. The reaction was carried out at 37°C for 1 h, during which time it remained linear, and was terminated by adding 80 pL of 60% TCA. Phosphoethanolamine was separated from ethanolamine by ascending paper chromatography as described above. The ethanolamine-containing compounds were visualized by ninhydrin (Vioque, 1984) and the ethanolamine phosphate band was cut out and placed into scintillation vials.
ECT
ECT was prepared from germinated castor bean endosperm as described by Wang and Moore (1991) . Endosperm was chopped in 2 volumes of homogenization buffer containing 0.5 M SUC, 10 mM KC1, 1 mM EDTA, 10 mM DTT, and 0.15 M Tricine-HC1, pH 7.5. The homogenate was filtered through four layers of Dacron cloth, the filtrate was centrifuged at 6008 to remove cell debris, and this supernatant was used for the separation of mitochondria and ER by SUC density gradient centrifugation. The SUC gradients were prepared and centrifuged as described above. ER and mitochondrial fractions were removed by suction into a hypodermic syringe equipped with an 18-gauge needle inserted from the top into the appropriate band. ECT activity was assayed in a reaction mixture containing 100 mM Mes, pH 6.5,1.8 mM CTP, 8 mM MgCl,, and 3.12 p~ [2-14C]ethanolamine phosphate. The reaction was started by the addition of ECT and performed at 30°C for 1 h, during which time it remained linear. Reactions without CTP were used as controls. The product CDPethanolamine was measured by the Norit charcoal method Moore, 1989a, 1989b) .
EPT
EPT was measured as previously described (Sparace et al., 1981) . The castor bean endosperm homogenate was centrifuged at 600g for 5 min and the resultant supernatant was further centrifuged at 100,OOOg for 1 h. The initial homogenate and resuspended 100,OOOg precipitate were used for total and insoluble EPT activity assays, respectively. The reactions were performed at 37°C in a final volume of 100 pL containing 10 mM Mes buffer, pH 6.5, 3 mM MgCI,, 1 mM DTT, 72 pg of diacylglycerol (from egg), and 94.4 p~ CDP-[2-'4C]ethanolamine.
Enzyme Solubilization and Fractionation
Solubilization
Mitochondrial membranes were obtained by diluting thawed mitochondria to a final protein concentration of 2 mg/mL with 20 mM Tris-HC1 buffer containing 2 mM DTT and 1 mM EDTA. This suspension was homogenized with a Potter homogenizer for 10 min. The homogenized mitochondria were centrifuged at 100,OOOg for 1 h, and then the pellet was suspended in fresh buffer and recentrifuged. This washed mitochondrial membrane fraction was suspended in solubilization buffer containing 100 mM KPO, buffer, pH 7.2, 0.5 M KCI, 1 mM EDTA, and 1 mM DTT. A suspension containing protein at a concentration of about 30 mg/mL was incubated with n-octyl-p-Dglucopyranoside, CHAPSO, or cholate. Stock detergent solutions at 10% (w/v) were prepared in the solubilization buffer solution described above. Solubilization was carried out for 1 h at 4°C with constant stirring. After the incubation, the supernatant containing the solubilized proteins was isolated by centrifugation at 105,OOOg for 1 h and used for further experiments.
PEG Fractionation
Solubilized membrane protein was brought to 10% PEG 8000 by the addition of a 50% (w/v) stock solution with continuous stirring on ice. The PEG was prepared in the same buffer used for solubilization of the membranes and contained 1.5% CHAPSO. After PEG treatment the proteins were sedimented by centrifugation (12,OOOg for 20 min).
The supernatant was removed, adjusted to 19% PEG, and then recentrifuged. The 10 to 19% PEG 8000 precipitate was suspended in solubilization buffer containing 1.5% CHAPSO.
Chromatograph y
Sepharose CL-4B columns (1 X 22 cm) were equilibrated with solubilization buffer containing CHAPSO at either 0.5 or 1.0% (w/v). Elution was performed with the same buffer solution at a flow rate of 10 mL/h. Sephacryl S-200 columns (1 X 45 cm) were equilibrated and eluted with this same buffer solution containing 1.5% CHAPSO. The flow rate was 8 mL/h. Fractions of 0.6 mL were collected and the A,,, was monitored continuously with an absorbance monitor (model UA-5, ISCO, Lincoln, NE). The active fractions were concentrated by dialysis of the enzyme solution against Sephadex G-100, with the Sephadex being changed each half-hour until the desired volume was reached.
Suc Density Gradient Centrifugation
Either solubilized membrane protein or the appropriate Sephacryl S-200 fractions (0.2 mL) were layered onto a 10-mL, 5 to 30% (w/v) Suc gradient containing 100 mM KPO, buffer, pH 7.2, 0.5 M KCI, 1 mM EDTA, and 1 mM DTT. Sedimentation was at 500,OOOg in a rotor (model T-875, Sorvall) for 17 h at 4°C in an ultracentrifuge (model OTD-65B, Sorvall). The gradients were fractionated into 25 0.4-mL fractions by withdrawal from the top through an 18-gauge stainless-steel tube carefully inserted into the appropriate bands.
Cel Electrophoresis
Samples were prepared in 2% (w/v) SDS, 2% (v/v) mercaptoethanol, 10% (w/v) glycerol, and 60 mM Tris-HC1 buffer, pH 6.8. The suspensions were boiled for 1 min before application to the gels. Electrophoresis was performed using 5% stacking and 12% resolving gels in a manner similar to that of Laemmli (1970) . Proteins were detected by Coomassie brilliant blue R-250 or silver staining (Gottlieb and Chavko, 1987) .
Assay for Solubilized ECT
ECT activity was assayed as described above for the developmental studies except that incubation was for 30 min. Reconstitution of activity by the addition of sonically dispersed phospholipids was performed by adding phospholipids to solubilized, purified ECT at the concentration indicated followed by dilution of the mixture into the assay solution.
Radioactivity and Protein Determination
A11 radioactivities were measured in CytoScint using a scintillation counter (model LS-8000, Beckman). 
RESULTS
Developmental Studies
Endosperm Development
Our conditions for germination and the immediate postgermination period are slightly different from those used in most previous developmental studies with castor bean endosperm, so some general physiological changes were measured for comparison. The total protein content of castor bean endosperm decreased during the first 6 d after seeding and thereafter remained relatively constant, primarily reflecting changes in stored proteins. On the other hand, the protein content of the ER and mitochondria increased and reached their peaks at d 3 and 4, respectively. There was a 2.8-fold increase in the amount of protein recovered as ER and a 27-fold increase in mitochondrial protein from d 1 until their respective peaks. The mitochondrial protein changes correlated with those in fumarase activity, and the changes in ER protein content coincided with cholinephosphotransferase, as previously reported under these conditions (Kinney and Moore, 1989) . These results differ in minor respects from previously published developmental data (Gerhardt and Beevers, 1970; Bowden and Lord, 1975; Kinney, 1993) , with the differences most likely reflecting increased germination rates resulting from remova1 of the seed coat before imbibition.
EK
EK of endosperm homogenate was recovered only in the 100,OOOg supernatant from tissue at a11 ages examined (Fig.  lA) , and very little activity was extracted from tissue residue resulting from the original homogenization. Therefore, it may be concluded that EK in castor bean endosperm is a cytosolic enzyme, which is consistent with results using other plant tissues (Macher and Mudd, 1976; Wharfe and Harwood, 1979) . Requirements for EK (Fig. 2) included an apparent Michaelis-Menten constant for ethanolamine of 45 ~L M at the near-optimal conditions of 5 mM ATP and 5 mM MgCl, in Tris-HC1 buffer, pH 8.5, a value essentially the same as the 42 p ,~ found for spinach leaves (Macher and Mudd, 1976) , but higher than the 8 WM for soybean (Wharfe and Harwood, 1979) . During the first 5 d postgermination, the EK activity in the 6008 supernatant increased slowly and then began to decrease (Fig. 1A) . This developmental behavior is similar to the changes in choline kinase from this tissue (Kinney and Moore, 1989) .
ECT
ECT was confined to membranes in castor bean endosperm, with greater than 80% of the activity being bound to the mitochondrial outer membrane and the remainder associated with the ER at the developmental time point tested (Wang and Moore, 1991) . We found that the total enzyme activity increased up to d 4 (Fig. lB) , but that activities associated with the separate mitochondrial and ER fractions varied independently during that time. ERbound ECT increased about 3-fold from d 1 through d 3 and decreased thereafter, whereas mitochondrial activity drial activity increased much faster than ER-bound ECT, surpassing the ER activity at d 2 and becoming much higher by d 3. No ECT activity was found in the 100,OOOg supernatant throughout the 6-d postgermination period.
EPT
EPT was exclusively membrane bound in castor bean tissue, as was previously reported for this and other plants (Sparace et al., 1981; Harwood, 1989) . The total homogenate EPT, as well as that measured in 100,OOOg sediments, increased until d 2 and then declined (Fig. 1C) . The activity peaked 1 d earlier than the peak of cholinephosphotransferase activity under the same conditions (Kinney and Moore, 1989) , and the decrease in EPT activity was not as rapid as that of cholinephosphotransferase.
Purification of ECT
Solubilization
We chose mitochondria from 4-d postgermination castor bean endosperm as an enzyme source because this stage yields the highest ECT activity during the postgermination period, because the mitochondria contain most of the ECT of this tissue (Wang and Moore, 1991) , and because a highly purified mitochondrial fraction may be readily obtained (Wang and Moore, 1991) . Mitochondrial membranes prepared by the methods described in "Materials and Methods" resulted in one-third of the protein being discarded with the soluble fraction after initial mitochondrial breakage, but retention of most of the enzyme activity in the membrane fractions (Table I) . n-Octyl-P-Dglucopyranoside, CHAPSO, and cholate were tested for their ability to solubilize ECT activity from the membranes; a11 three were found to inhibit activity at the concentrations most effective for protein solubilization (Fig. 3) . CHAPSO and cholate proved best for ECT solubilization. About 85% of the membrane ECT was solubilized by CHAPSO or cholate at concentrations of 1.5 and 0.4%, respectively (Fig.   3 , A and C).
The total ECT activity after treatment with either CHAPSO or cholate at these concentrations was about 65% of the untreated controls. We found, however, that the CHAPSO data underestimated the CDPethanolamine produced because of reduced binding of the product to charcoa1 when the concentrations of CHAPSO exceeded 0.2%, necessitating a correction for the usual assay concentration of 0.3%. TLC analysis confirmed that actual activity recovered at this CHAPSO concentration was about 75% of the total. Therefore, CHAPSO was chosen for subsequent experiments because it is neutra1 and greater activity was retained during solubilization. Octylglucoside, a nonionic detergent, provided the poorest yield, with 39% of the total activity remaining and only 62% of this activity being extracted from the membranes at a concentration of 1.6% (w/v) (Fig. 3E) .
When NaCl was omitted from the buffer, less than 10% of the activity was solubilized from the membrane, but washing mitochondrial membranes with buffer containing 0.5 M NaCl without detergent did not extract the enzyme. The continuous presence of salt throughout the purification procedures was found to be necessary to avoid apparent aggregation of the proteins.
Elution profiles of ECT on Sepharose CL-4B gel-filtration columns indicated that ECT aggregated when the CHAPSO concentration was decreased to 0.5% or less, resulting in ECT eluting in the void volume (Fig. 4A) . However, when the concentration of CHAPSO was increased to 19' 0, the elution volume was almost equal to the column volume (Fig. 4B) , indicating that ECT no longer aggregated.
Characteristics of Solubilized ECT
Membrane-bound activity, pH, divalent cation dependente, and salt inhibition (Fig. 5 , A-C) of ECT were tested.
The pH optimum for the solubilized ECT was 6.5 in BisTris buffer (Fig. 5A) . Mg2+ was required and most effective at about 6 mM (Fig. 5B) , whereas monovalent cations at high concentrations strongly inhibited the activity (Fig.   5C ). Therefore, the solubilized enzyme retains characteristics similar to those of the native membrane-bound enzyme Table 1 . Results from various steps in ECT purification ECT was partially purified from the mitochondrial fraction of castor bean endosperm obtained by Suc gradient centrifugation. The mitochondria were treated by osmotic shock and homogenization, and the membrane-bound ECT was solubilized with 1.5% CHAPSO in a buffered salt solution. A 118-fold purification of the mitochondrial ECT activity was achieved with PEC precipitation followed by column chromatography on Sephacryl S-200 and SUC gradient centrifugation. SDS-PACE resulted in a prominent band at 35 kD (see Fig. 7 ).
ECT Activity Purification
Step Moore, 1989a, 198913, 1991) , except that it is more sensitive to salt.
Polypeptides Associated with ECT Activity
For preliminary identification of the active polypeptide(s), solubilized membrane material was applied to Sephacryl 5-200 gel-filtration chromatograms or Suc density gradients, and treated as described in "Materials and Methods." Under these conditions ECT eluted from the Sephacryl S-200 immediately after the main protein peak (Fig. 6A) . Although the active fractions examined by SDS-PAGE gels contained polypeptides of 60, 59, 55, 52, 49, 30, 29 , and 26 kD, only the changes in intensity of the band at 30 kD correlated directly with ECT activity. Suc gradient centrifugation resulted in an ECT peak in the middle of the gradient (Fig. 6B) containing major polypeptides of 69, 60, 51, 38, 35, 33, 28 , and 27 kD in the active fractions. The bands most correlative between activity and protein staining intensity were at 38, 35, and 33 kD.
Partia1 Purification of ECT
The purification procedure used a combination of PEG precipitation, Sephacryl chromatography, and Suc density gradient centrifugation in that order. Detergent-solubilized mitochondrial membrane proteins were first treated with PEG 8000 to precipitate an active fraction (Fig. 6C) . Although concentrations greater than 13% completely inhibited ECT, the activity was recovered after the PEG 8000 was removed. More than 90% of the ECT was recovered in the 10 to 19% PEG precipitate, with a 4.6-fold increase in specific activity (Table I) . Resuspended ECT-active fractions were applied to a Sephacryl S-200 column and, after elution, the most active fractions (similar to the profile in Fig. 6 ) contained 80% of the ECT and 41% of the original protein applied to the column, providing an additional 1.9-fold purification to a specific activity of 123 pmol min-' mg-' protein (Table I ). These ECT-active fractions were concentrated by dialysis against Sephadex G-100 and then centrifuged on a 5 to 30% linear Suc gradient. Recovery was about 82%, with less than 13% of the protein being found in the active region; the final purification was approximately Fractions from the final Suc density gradient exhibited one major band at 35 kD after SDS-PAGE of the active ECT fraction (Fig. 7) . Two other faint bands at 62 and 72 kD were also detected.
118-fold. 
Lipid Dependence
We measured the effects of phospholipids added to ECT preparations before assaying the activity (Fig. 8) . A11 of the lipids stimulated the activity at a11 concentrations tested, with PDME being most effective, followed by phosphatidylmethylethanolamine, PC, and PE in that order. The maximum stimulation by PDME was about 2-fold.
DlSCUSSlON
The nucleotide pathways of PE and PC biosynthesis in the ER of castor bean endosperm behave similarly during development. The activity of ECT in the ER correlates most closely with development of PC synthesis, both of which have sharp increases in activity during the first 3 d postgermination (Kinney and Moore, 1989) . EPT, also in the ER, peaked on d 2 and decreased slowly thereafter. In contrast, EK, which is soluble, remained relatively constant at a high rate throughout the study period, as was also the case with choline kinase (Kinney and Moore, 1989 ).
An earlier report from our laboratory described pulsechase experiments that indicated a very low concentration of CDPethanolamine compared with ethanolaminephosphate (Prud'homme and Moore, 1992) . These data are similar to results from rat liver, in which ethanolamine phosphate was more than 10-fold higher in concentration than CDPethanolamine (Sundler, 1973) , and such results raise the possibility that ECT of the ER regulates the PE nucleotide biosynthetic pathway in both plants and animals. The work reported here further supports that conclusion for plants. First, the developmental profile is commensurate with such a role. Second, the lowest activity of EK is more than 5-fold the maximum activity of ECT and does not change significantly throughout the postgermination period, whereas the apparent X m of EK for ethanolamine (46 /LIM) is nearly 2-fold lower than that of ER-bound ECT for ethanolamine phosphate (83 JU.M; Wang and Moore, 1991) . This combination suggests that ethanolamine phosphate production, and therefore EK, are not rate-limiting. Third, the low K m of EPT for CDPethanolamine (8 JU.M; Sparace et al., 1981) indicates that it would readily use any product produced by ECT for the synthesis of PE. Such a role for ECT would be similar to the situation with regulation of PC synthesis by CCT (Kinney, 1993) . On the other hand, it should be emphasized that in vitro conditions were optimized separately for each enzyme and may not reflect the situation in situ, which remains unknown, and a full characterization of the purified enzyme will be necessary before final conclusions can be drawn. Nevertheless, these results do provide a working model for the regulation of this pathway.
It is important to note that the ECT of castor bean is bound strongly to both the ER and mitochondria, and that no cytosolic ECT was apparent during a 7-d postgermination period. In addition, ECT from castor bean could not be solubilized by high concentrations of salt or detergents alone, but the combination of CHAPSO at 1.6% (w/v) and 0.5 M NaCl was effective for solubilization from mitochondrial membranes. This is in direct contrast to mammalian cells, in which ECT was characterized as totally soluble by both differential centrifugation and enzyme release from digitonin-permeabilized hepatocytes (Vermeulen et al., 1993) , as well as being purified to homogeneity as a soluble enzyme (Sundler, 1975) . On the other hand, based on the high content of hydrophobic amino acids in pure ECT from mammalian cells, it has been suggested that ECT might have some association with subcellular structures.
This hypothesis has been supported by immunoelectron microscopy studies indicating the concentration of ECT into areas containing rough ER (Vermeulen et al., 1993) . Such a potential for both soluble and bound states might be similar to the situation with mammalian CCT, which is thought to regulate PC synthesis through active membrane-bound and inactive free forms (Pelech and Vance, 1984) . On the other hand, the tight binding of castor bean ECT to the ER is similar to the case of CCT in this tissue, which also binds strongly to the ER membranes Moore, 1989a, 1989b) .
The mitochondrial ECT occurs at relatively high activities and is sufficiently uncoordinated with phospholipid biosynthesis (peaking 1 d later than the ER activity) to indicate a unique role, even though it has characteristics similar to those of the ER enzyme (Wang and Moore, 1991) . These facts led us to begin purifying this enzyme. The primary protein component after the final purification step was determined by SDS-PAGE to be 35 kD, which was similar to the 30-kD peptide found in the fractions with highest activity from Sephacryl S-200 HR chromatography and within the range of peptides in the ECT-active fractions from Sue gradients. Therefore, it seems likely that ECT from castor bean has a molecular mass of about 30 to 35 kD.
Purified mammalian ECT exhibits a 49.6-kD protein band on SDS-PAGE that on gel filtration was found to be 100 to 120 kD, indicating a native polymeric form (Sundler, 1975; Tijburg e t al., 1992) . We a r e unable to m a k e similar estimates for the castor bean ECT because of the salt and detergent requirement. Nevertheless, the plant mitochondrial ECT appears to be somewhat different from the purified mammalian enzyme, differences that are reflected in the solubility d u r i n g extraction.
Sixty percent of the activity was lost during purification of the castor bean ECT. Some of the activity could b e restored by inclusion of phospholipids i n the assay mixture, with PDME exerting the greatest influence, b u t the best case w a s only a 2-fold increase under the conditions we used. Further a n d more detailed reconstitution studies will be required to fully understand the requirements for this enzyme. However, these results provide a basis for more detailed investigations into t h e membrane environment required for castor bean mitochondrial ECT. They m a y also provide a guide for purification of the ECT activity from the ER, thereby allowing direct comparisons of the t w o enzymes. It is hoped that exploration of the detailed requirements and kinetics of the mitochondrial ECT activity may shed light on the role of the mitochondrial ECT, and additional investigations with the ER enzyme might help i n understanding the regulation of PE synthesis.
